Ecology of the black-tailed jack rabbit near a solid radioactive waste disposal site in southeastern Idaho by Grant, John C.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1987 
Ecology of the black-tailed jack rabbit near a solid radioactive 
waste disposal site in southeastern Idaho 
John C. Grant 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Grant, John C., "Ecology of the black-tailed jack rabbit near a solid radioactive waste disposal site in 
southeastern Idaho" (1987). Graduate Student Theses, Dissertations, & Professional Papers. 7052. 
https://scholarworks.umt.edu/etd/7052 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
COPYRIGHT ACT OF 1976
Th i s  is  an  u n p u b l is h e d  m a n u s c r ip t  in  w h ic h  c o p y r ig h t  
SUBSISTS. Any  f u r t h e r  r e p r in t in g  o f  i t s  c o n t e n t s  m u s t  b e
APPROVED BY THE AUTHOR.
Ma n s f ie l d  L ib r a r y  
Un iv e r s it y  o f  Mo n t a n a
Da t e  : ______ I 9 S '?__
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ECOLOGY OF THE BLACK-TAILED JACK RABBIT NEAR 
A SOLID RADIOACTIVE WASTE DISPOSAL SITE 
IN SOUTHEASTERN IDAHO
by
John C. G rant
B .S ., South Dakota S ta te  U n iv e rs ity ,  1982
Presented in  p a r t ia l  f u l f i l lm e n t  o f  the  requirem ents 
f o r  th e  degree o f  M aster o f  Science 
U n iv e rs ity  o f  Montana 
1987
Approved By:
ChairmanVBoard o f  Examiners
in . Graduate ScHCoT
Date
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: EP37853
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,




Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
G ran t, John C ., M .S ., June 1987 W ild l i f e  B io lo g y
Ecology o f th e  B la c k - ta ile d  Jack R abbit Near a S o lid  R ad ioac tive  
Waste D isposal S ite  in  Southeastern Idaho (64 p p .)
D ire c to r :  I .  J . B a ll
A s tudy o f b la c k - ta i le d  ja ck  ra b b its  ( Lepus c a l i fo r n ic u s ) was 
conducted from  J u ly  1982 u n t i l  October 1985 a t the  R ad ioac tive  
Waste Management Complex (RWMC) o f the  Idaho N a tion a l Engineering 
Labora to ry  in  sou theaste rn  Idaho to  e va lu a te  the  p o te n t ia l ro le  o f 
t h is  species in  ra d io n u c lid e  t ra n s p o r t .  P opu la tion  es tim a tes  
d u rin g  annual summer h ighs were 2 .76+0.25/ha in  1982, 0 .91+0.11/ha 
in  1983, and 0 .40+0.04/ha in  1984, compared to  near zero each 
w in te r .  R a d io -te le m e try  p rovided summer home range es tim a tes o f 
3 1 .0 (+ 12 .4 ) ha. A l l  ra d io -c o lla re d  ja ck  ra b b its  departed RWMC in  
la te  f a l l  and tra v e le d  as f a r  as 57.3 km (x= 16 ,2+ 13 .2 ). D is tu rbed  
h a b ita t  a t  RWMC was u t i l i z e d  more du ring  n ig h ts ;  n a tu ra l h a b ita t  
more d u rin g  days. Crested wheatgrass (Agropyron desertorum ) and 
summer cypress ( Kochia sco p a ria ) . which were assoc ia ted  w ith  
d is tu rb e d  s i t e s ,  were th e  2 most abundant p la n ts  in  d ie ts .  The 
p o te n t ia l f o r  ra d io n u c lid e  tra n s p o rt from  the  RWMC is  discussed 
even though body t is s u e s  d id  no t have s ig n i f ic a n t ly  e leva ted  
ra d io n u c lid e  c o n c e n tra tio n s .
n
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INTRODUCTION
The b la c k - ta i le d  jack  ra b b it  ( Lepus c a l i fo r n ic u s ) is  w id e ly  
d is t r ib u te d  in  the western U nited S ta tes  (H a ll and Kelson 1959). 
Dramatic f lu c tu a t io n s  in  numbers o f  t h is  hare occur on the  Idaho 
N a tiona l Engineering Laboratory (INEL) in  southeastern  Idaho and on most 
o f  the  no rth e rn  p o rtio n s  o f the spec ies ' range (Palmer 1897, Nelson 
1909, Vorh ies and T a y lo r 1933, French e t a l .  1965, Wagner and S todda rt 
1972, Johnson 1979, S toddart and Knowlton 1982, Anderson and Shumar 
1986). P opu la tion  d e n s ity  on the  INEL were estim ated from  s p o t l ig h t  
tra n s e c ts  as 2 .7 /h a  in  June 1981 (near the peak o f the  c y c le ) ,  1 .0 /ha  in  
June 1982 (when th is  p ro je c t was in i t ia t e d ) ,  and 0 .02 /ha  in  June 1984 
(Anderson and Shumar 1986).
A t h igh d e n s it ie s ,  jack  ra b b its  c re a te  management problems fo r  
a g r ic u ltu ra l in te re s ts  near the  INEL. An estim ated 64,000 jack  ra b b its  
were k i l le d  a t Mud Lake, Idaho, on the no rthe as te rn  edge o f the INEL 
(F ig . 1) du ring  the  w in te r  o f  1981-82 (MacCracken and Hansen 1984). 
During pe riods  o f h igh p o p u la tio n  d e n s ity , ja ck  ra b b its  may a lso  presen t 
spec ia l management problems near some INEL in s ta l la t io n s  where s o i ls ,  
p la n ts ,  and animals co n ta in  e leva ted le v e ls  o f  ra d io n u c lid e s  (Markham e t 
a l .  1978, Craig e t  a l .  1979, H a lfo rd  e t a l .  1981, A rth u r 1982, A rth u r 
and Markham 1982, C onnelly 1982, Markham and H a lfo rd  1982). Jack 
ra b b its ,  having p o te n t ia l f o r  lo n g -d is ta n ce  movement, could tra n s p o rt 
ra d io n u c lid e s  away from contaminated areas i f  these n u c lid e s  accumulated 
on o r in  th e  bodies o f the  an im a ls.
1
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N a tu ra lly  o ccu rrin g  ra d io n u c lid e s , as w e ll as those d is t r ib u te d  
th roughou t the biosphere from human a c t iv i t i e s ,  c o n tr ib u te  to  background 
ra d ia t io n  a t INEL. Others have entered the  environm ent from  nu c lea r 
waste d isposa l s i te s .  Regardless o f t h e i r  o r ig in ,  ra d io n u c lid e s  may 
become inco rpo ra ted  in to  food cha ins . Rates and pathways th a t  
environm ental contam inants tra v e l through food chains should be 
m onitored (Eberhardt 1973).
The in te n t  o f  my research was to  describe  the ecology o f the 
b la c k - ta i le d  jack  ra b b it  near the INEL R ad ioactive  Waste Management 
Complex (RWMC), and to  determ ine how i t s  ecology in flu e n ce s  the 
accum ulation and d issem ina tio n  o f ra d io n u c lid e s . T h is  in fo rm a tio n  w i l l  
he lp in  e va lu a tin g  the ro le  o f ja ck  ra b b its  in  t ra n s p o rt o f 
ra d io n u c lid e s  from RWMC. Prim ary o b je c tiv e s  were to  de term ine: (1)
p o p u la tio n  d e n s it ie s  o f ja ck  ra b b its  a t RWMC, (2) d a i ly  and seasonal 
movement p a tte rn s , (3) h a b ita t  u t i l i z a t io n ,  (4 ) food h a b its ,  and (5 ) 
ra d io n u c lid e  body burdens.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STUDY AREA DESCRIPTION
The N a tiona l Reactor T esting  S ta tio n  was e s ta b lish e d  in  1949 by the 
U.S. Atomic Energy Commission as a s i te  f o r  b u ild in g  and te s t in g  
nuc le a r re a c to rs  and support f a c i l i t i e s .  Now known as the INEL, the  
230,000 ha s i te  on the  upper Snake R ive r P la in  o f southeastern  Idaho 
(F ig . I )  is  adm in is tered and p ro te c te d  ag a ins t trespass by the  U.S. 
Department o f  Energy. Designated a N a tiona l Environmental Research Park 
in  1975, the  INEL is  a lso  an expansive n a tu ra l environment where 
e co lo g ic a l research can be conducted w ith  m inimal human in flu e n c e .
C lim ate and ve g e ta tio n  are c h a ra c te r is t ic  o f  the no rthe rn  co ld  
de se rt shrub biome (H arn iss and West 1973, McBride e t a l .  1978). Big 
sagebrush (A rte m is ia  t r id e n ta ta ) is  the dominant p la n t on about 80% o f 
the  area. The RWMC is  near the southwestern corner o f  the INEL (F ig .
1) in  a ve g e ta tio n  zone dominated by b ig  sagebrush, green ra b b itb ru s h  
( Chrysothamnus v is c id i f lo r u s ) . and bluebunch wheatgrass (Agropyron 
spicatum ) (McBride e t a l .  1978). Crested wheatgrass (A. desertorum ) 
was p lan ted  on many d is tu rb e d  s ite s  a t RWMC, in c lu d in g  the Subsurface
Disposal Area (SDA) and o ld  t r a i l s  and barrow p i ts  w ith in  severa l 
hundred m o f SDA.
Most o f  the s o l id  ra d io a c tiv e  waste m a te r ia ls  generated on the 
INEL, and ra d io a c t iv e  waste products from o th e r nuc lear f a c i l i t i e s ,  are 
disposed o f  o r  s to red  a t RWMC (F ig . 2 ) .  Since 1952, the 36 ha SDA has
been used f o r  below-ground d ispo sa l o f f is s io n  and a c t iv a t io n
ra d io n u c lid e s , in c lu d in g  Co-60, Cs-137, and S r-90 . Other ra d io n u c lid e s
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w ith  s h o rte r h a l f - l iv e s  (C r-51 , Mn-54, Co-58, Fe-59, Z r-9 5 , Ru-103,
Ce-141, and Ce-144) were a lso  fre q u e n tly  disposed o f in  SDA. 
P lu ton ium -238, Pu-239, Pu-240, Pu-241, and Am-241 are tra n s u ra n ic
ra d io n u c lid e s  th a t were disposed in  SDA. S ince 1970, a l l  incoming 
tra n s u ra n ic  waste, p r im a r i ly  from Rocky F la ts ,  Colorado, and a l l  
tra n s u ra n ic  waste co n ta in in g  alpha a c t iv i t y  g re a te r than 10 nC i/g  has 
been re t r ie v a b ly  s to red  in  the  RWMC Transuran ic  Storage Area (A rth u r and 
Markham 1978, A rth u r and Markham 1983).
Approxim ately 8 .8  m i l l io n  C uries (C i) o f  ra d io a c t iv e  waste has been 
placed in  the  SDA (A rth u r  and Markham 1983). Due to  ra d io a c tiv e  decay, 
however, the c u rre n t q u a n tity  o f  r a d io a c t iv i t y  is  cons ide rab ly  le s s . 
Buried m a te ria ls  c o n s is t o f  contaminated la b o ra to ry  equipment, c lo th in g ,  
b u ild in g  m a te r ia ls , and o th e r item s and were packaged in  co n ta in e rs  o f 
va ry ing  d u r a b i l i t y .  Much o f the  a c t iv a t io n  and f is s io n  contam inated 
waste was unconta ined. Depending on the s iz e , shape, and na ture  o f  the 
contam inated waste m a te r ia ls , they were placed in  e ith e r  p i t s  o r 
trenches and covered w ith  a t le a s t 0 .6  m o f s o i l .
Environmental con tam ination  occurred when o ld e r waste co n ta in e rs  
d e te r io ra te d  and when open p i ts  were flooded (A rth u r and Markham 1983). 
E levated le v e ls  o f  ra d io n u c lid e s  have s ince  been detected in  c res ted  
wheatgrass, Russian t h is t le  ( S a lso la  k a l i ) , and surface s o i ls  a t RWMC 
(A rth u r  and Markham 1978, Markham e t a l .  1978, A rth u r 1982, A rth u r and 
Markham 1983).
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METHODS
P opu la tion  D ensity
B la c k - ta ile d  ja ck  ra b b it  p o p u la tion  d e n s it ie s  were estim ated from 
accum ulation ra te s  o f fe c a l p e l le ts .  A 29 6 -p o in t g r id  system (F ig .  3) 
es ta b lish e d  by A rth u r and Markham (1978) served as a p e l le t  c o l le c t io n  
g r id .  At each g r id  p o in t ,  exc lud ing  18 th a t  occurred in s id e  the 
T ransuran ic Storage Area and those th a t  were destroyed by waste 
management a c t iv i t ie s  p r io r  to  th is  s tu d y , a 1-m^ c ir c u la r  p e l le t  p lo t  
was e s ta b lis h e d . A l l  fe c a l p e lle ts  were removed from p lo ts  in  J u ly  1982 
and d iscarded . Each A p r i l ,  J u ly ,  and October from October 1982 through 
J u ly  1985, a l l  le p o r id  p e lle ts  were c o lle c te d  from these p lo ts .  Mean 
d e n s ity  o f jack  ra b b its  in h a b it in g  RWMC du ring  the  seasons th a t  p e lle ts  
accumulated was c a lc u la te d  using mean d e n s ity  o f  p e lle ts  g re a te r than 8 
mm in  d iam eter (Appendix A) c o lle c te d  from the  p lo ts  and a d e fe c a tio n  
ra te  o f 531+27 p e lle ts  per day (A rno ld and Reynolds 1943). R esu lts  are 
reported  as s p r in g , summer, and f a l l / w in t e r  es tim a tes , even though 
c o lle c t io n  dates were 2-3 weeks la te r  than ca lendar dates o f season 
changes. Some p lo ts  th a t  had been destroyed were re e s ta b lis h e d . Number 
o f p lo ts  c leared per sampling pe riod  ranged from 197 to  221.
S p o t lig h t censuses provided a supplemental p o p u la tio n  index and 
helped to  determ ine when seasonal p o p u la tio n  changes occu rred . Jack 
ra b b its  were counted by il lu m in a t in g  the  roadside  w ith  a s p o t l ig h t  w h ile  
d r iv in g  15 km o f roads and t r a i l s  in  the  RWMC area (F ig . 2 ) .  The ro u te  
was d r iv e n  a t 15-25 km per hour between o n e -h a lf hour a f te r  sunset and
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o n e -h a lf hour be fore  sun rise  on calm n ig h ts  w ith  no p r e c ip i ta t io n .  
Census ro u te s  were d rive n  1-3 tim es per n ig h t ,  1-5 n ig h ts  per month, 
du rin g  the  months o f A p r i l  through November. The s p o t l ig h t  il lu m in a te d  
a s t r ip  approx im ate ly  15 m wide w h ile  censusing sagebrush areas. In  the 
open areas o f  the ro u te  (SDA and barrow p i t s ) ,  the  l ig h t  beam was swept
across the area to  o b ta in  a more thorough count. I recorded the
odometer read ing a t severa l prom inent lo c a tio n s  along the ro u te  as w e ll 
as where each jack  ra b b it  was seen. In c id e n ta l o b se rva tio n s , tra p p in g
success, and snow tra c k in g  were a lso  employed to  s u b s ta n tia te  o th e r
p o p u la tio n  es tim a tes .
Movement P a tte rns
Jack ra b b its  were captured by boxtrapp ing  and s p o t l ig h t /n e t t in g  
( G r i f f i t h  and Evans 1970) techn iques. Sex and w e igh t o f each animal was 
recorded. Age was estim ated as ju v e n ile  o r a d u lt based upon w e ight and 
tim e o f yea r. Numbered metal tags and co lo red  p la s t ic  d iscs  were 
a f f ix e d  to  the ears o f a l l  ra b b its  as in d iv id u a l id e n t i f ie r s .  
Collar-m ounted ra d io  t ra n s m itte rs ,  which weighed approx im ate ly  45 g, 
were f i t t e d  to  ja ck  ra b b its  w ith  a body w e ight o f a t le a s t 1 .0 kg. 
Animals were re leased where cap tured.
D iu rn a l lo c a tio n s  were m onitored w ith  a hand-held T e lo n ics  RA-2A 
(H) antenna and W ild l i f e  M a te ria ls  ra d io  re c e iv e r . P o s itio n s  o f 
ra d io -c o lla re d  anim als were determ ined 1-2 tim es per day every 1-7 days 
w h ile  they remained near RWMC. P o s itio n s  were o c c a s io n a lly  v e r i f ie d  by 
v is u a l o b se rva tio n s . Locations were recorded w ith  re fe re nce  to  the
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d is ta n ce  and d ire c t io n  from the  nearest p o in t on the  sampling g r id  (F ig . 
3 ) .
Nocturnal movements were m onitored w ith  a truck-m ounted dual Yagi 
antenna system and a T e lon ics  TAC-5 180 phase s h i f t  combiner by 
t r ia n g u la t in g  from 2 o f 6 semi-permanent t r ia n g u la t io n  s ta t io n s  (F ig .
2 ) .  I determined the  mean e r ro r  o f  the  system to  be 40 m a t RWMC by 
p la c in g  tra n s m itte rs  th roughout the  study area and measuring on a map 
the  d is tances  between known and tr ia n g u la te d  lo c a t io n s .
From 1-6 jack  ra b b its  were m onitored per n ig h t depending on the  
number ra d io -c o lla re d  a t the  tim e and the  p ro x im ity  o f  ra d io -c o lla re d  
ra b b its  to  one ano ther. From 1-5 f ix e s  were attempted per ra b b it  per 
hour. Time between corresponding readings was kept as low as 
p ra c t ic a b le . Because corresponding readings were by n e ce ss ity  
considered to  be sim ultaneous, those readings separated by >10 m inutes 
were excluded from the  analyses. N ig h tly  and seasonal ranges o f ra b b its  
were ca lcu la te d  by the minimum convex polygon method (Jen n rich  and 
Turner 1969).
Locations o f ja ck  ra b b its  th a t  moved away from RWMC were determ ined 
from an a irp la n e  w ith  wing-mounted Yagi antennas. Locations were then 
more a ccu ra te ly  obta ined by u t i l i z i n g  the  truck-m ounted system, and 
u lt im a te ly  v e r i f ie d  on the ground.
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V ege ta tion  A na lys is
V egeta tion p lo ts  were inspected a t RWMC between 17 J u ly  and 6 
August 1984. Percent cover o f  p la n t species in  the h a b ita t  was measured 
using  a 3 6 -p o in t in te rc e p t io n  frame (F loyd and Anderson 1982). A t 101
randomly se lected  g r id  p o in ts  (F ig . 3 ) ,  frames were arranged in  a 3 by
3 p a tte rn  w ith  the  m iddle frame centered above the g r id  m arker. Frames 
were placed 3 m a p a rt w ith  the  long a x is  o rie n te d  in  1 o f 4 randomly
predeterm ined compass d ire c t io n s .  P lan ts  growing a t each o f  the  36
p o in ts  de fined  by the in te rs e c t in g  w ires  o f the  frame were id e n t i f ie d  
and recorded fo r  each frame placement.
Number o f occurrences o f vascu la r p la n ts  and o th e r e n t i t ie s  (bare 
ground, ro c k , l i t t e r ,  and moss) on each se t o f  9 frames were t a l l i e d  and 
converted to  percentages to  es tim a te  percen t cover.
Three ca te go ries  o f ve g e ta tio n  p lo ts  were d i f fe re n t ia te d  a t the
tim e the  p lo ts  were inspected . These ca te go ries  (n a tu ra l,  d is tu rb e d , 
and mixed) represented d i f fe r e n t  degrees o f human d is tu rb a n ce . N atura l 
p lo ts  had no obvious human-caused d is tu rbance  (roa d , t r a i l ,  e xcava tio n ,
e tc . )  th a t  would in flu e n c e  vege ta l com position on the  p lo t .  D is tu rbed
p lo ts  were those on which vegeta l com position was e n t ir e ly  in flu e n ce d  by 
past human a c t iv i t ie s .  Mixed p lo ts  were loca ted  on edges o f barrow p i ts  
o r near roads and t r a i l s  where vegeta l development was p a r t ia l l y  
a ffe c te d  by human a c t iv i t i e s .  S ix ty -on e  n a tu ra l,  22 d is tu rb e d , and 18
mixed p lo ts  were inspected .
8
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H a b ita t U t i l iz a t io n
Two types o f a v a ila b le  h a b ita t  (n a tu ra l and d is tu rb e d ) were c ru d e ly  
de lin e a te d  a t RWMC from  a e r ia l photographs p a r t it io n e d  in to  0 .33 ha g r id  
b lo cks . G rid  b locks th a t  conta ined an estim ated 50% o r more c lim ax 
ve g e ta tio n  were c la s s if ie d  as n a tu ra l b lo cks , the  o th e rs  as d is tu rb e d  
b locks (F ig . 4 ) .  The number o f each type b lock th a t  was a v a ila b le  to  
ra b b its  was determ ined by counting whole b locks in  a convex polygon th a t  
enclosed a l l  b locks co n ta in in g  ra d io - f ix e s .  Almost a l l  d is tu rb e d  
h a b ita t a t  RWMC was enclosed in  th is  po lygon; th e re fo re , in c re a s in g  the  
number o f a v a ila b le  b locks could o n ly  increase the  p ro p o rtio n  o f n a tu ra l 
b locks .
The general type o f h a b ita t u t i l iz e d  by ra d io -c o lla re d  ja ck  ra b b its  
was determ ined by summing the  number o f ra d io - lo c a t io n s  w ith in  h a b ita t  
g r id  b lo cks . The number o f day and n ig h t ra d io - f ix e s  in  each type o f 
h a b ita t b lock was compared w ith  a ch i-squa re  te s t .
Food H abits
Jack ra b b it  d ie ts  were determ ined by m ic ro s c o p ic a lly  ana lyz ing  
feces th a t  were deposited du ring  pe rio ds  o f v a r ia b le  d u ra tio n . Seasonal 
d ie ts  were determined from the fe c a l p e lle ts  th a t  were c o lle c te d  to  
estim a te  po p u la tio n  d e n s ity . S pring and summer samples each represented 
3 months, whereas f a l l / w in t e r  samples represented 6 months o f ja ck  
ra b b it  d ie t .  Samples re p re se n tin g  approx im ate ly  1 week o f mid-summer 
d ie t  were c o lle c te d  du rin g  the  f i r s t  week o f  August 1982, 1983, and 1984 
near the  southeastern corner o f  RWMC. P e lle ts  re p re se n tin g
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approx im ate ly  1 week o f w in te r  d ie t  were c o lle c te d  in  mid-December 1982 
near C entra l F a c i l i t ie s  Area (F ig . 1 ).
P e lle ts  la rg e r  than 8 mm in  d iam eter (Appendix A) were a i r  d r ie d  
f o r  2-3 weeks. Sm alle r p e lle ts  were d iscarded to  e lim in a te  pygmy ra b b it  
( S y lv ila g u s  b ra ch ila q u s ) p e lle ts  and to  reduce the number o f c o t to n ta i l  
(S. n u t t a l l i ) p e lle ts  in  the samples.
T h ir ty  g o f a ir - d r ie d  p e lle ts  were randomly se lec ted  from each o f 
the  c o lle c t io n s .  Each o f  the  approx im ate ly  125 p e lle ts  in  the seasonal 
d ie t  samples was b isec ted  to  p rov ide  d u p lic a te  samples (Ousi 1949). 
August and December samples were no t d u p lic a te d . P e lle ts  were ground in  
a W iley m i l l  through a 1-mm mesh screen to  render u n ifo rm ity  o f  fragm ent 
s iz e . Random p o rtio n s  (8 .5  g) o f  ground feces were assigned 
n o n -d e s c rip tiv e  sample numbers and m ailed to  the Composition A n a lys is  
Laboratory in  F o rt C o ll in s ,  Colorado, fo r  m ic ro h is to lo g ic a l a n a ly s is . 
F ive microscope s lid e s  were prepared from each sample, and id e n t i f ia b le  
p la n t fragments o ccu rrin g  on 20 m icroscop ic  f ie ld s  on each s l id e  were 
recorded. A ta b le  in d ic a t in g  the percentage o f each p la n t ca tegory  
id e n t i f ie d  in  each sample was com piled. These ca te go ries  (sp e c ie s , 
spec ies-group , genus, and fa m ily )  conta ined p la n ts  w ith  
in d is t in g u is h a b le  m ic ro h is to lo g ic a l c h a ra c te r is t ic s .  I grouped p la n ts  
by genus, o r fa m ily  when genus was unknown, to  s im p lify  d iscu ss io n .
10
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R adionuclide C oncentrations in  Jack R abbit T issues
F ifte e n  ja ck  ra b b its  were c o lle c te d  between 30 J u ly  and 18 August 
1982. I n i t i a l l y ,  ja ck  ra b b its  were s a c r if ic e d  by c e rv ic a l d is lo c a t io n  
a f te r  being captured w ith  a net and s p o t l ig h t .  Seven ja ck  ra b b its  (1 on 
30 J u ly ,  1 on 6 August, and 5 on 17 August) were c o lle c te d  a t RWMC by 
th is  method. E igh t ja ck  ra b b its  were k i l le d  w ith  a shotgun on 18 
August. Four o f  these were shot a t RWMC, and 4 were shot approx im a te ly  
15 km no rthe as t o f RWMC (F ig . 1) as a c o n tro l sample.
Each animal was weighed, then d issec ted  in to  3 p o r t io n s . Hides 
were f i r s t  removed to  p rov ide  an estim a te  o f surface con ta m in a tio n . 
G a s tro - in te s t in a l (G -I)  t r a c ts ,  w ith  co n te n ts , were removed to  es tim a te  
con tam ination due to  rece n t in g e s tio n . Carcasses, w ith  rem ain ing 
organs, represented a sample o f ra d io n u c lid e s  th a t  had accumulated in  
the  body. Samples were oven-d ried  a t 60-70°C fo r  5-10 days. Care was 
taken th roughout c o l le c t io n  and p re p a ra tio n  to  p reven t 
c ross-con tam ina tion  o f samples.
Analyses fo r  con cen tra tion s  o f gamma-emitting n u c lid e s  was 
performed a t the INEL R a d io lo g ica l and Environmental Sciences Labora tory 
on a germ anium -lith ium  d e te c to r coupled to  a computerized m u ltichanne l 
ana lyzer system. Analyses f o r  S r-90 and tra n s u ra n ic  n u c lid e  
concen tra tion s  were conducted by a commercial la b o ra to ry . P lutonium -239 
and Pu-240 cou ld not be d i f fe r e n t ia te d .  A na lys is  f o r  Pu-241 
con tam ination was not conducted because the procedure used was not 
s e n s it iv e  to  the  decay energ ies o f th is  ra d io n u c lid e .
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P lo tte d  data appeared to  be lo g -n o rm a lly  d is t r ib u te d ,  thus they 
were lo g -tra n s fo rm e d . One-way a n a lys is  o f  va riance  was conducted to  
compare ra d io n u c lid e  co n ce n tra tio n s  in  tis s u e s  o f RWMC and c o n tro l area 
ja ck  ra b b its .
T o ta l ra d io n u c lid e  burden per ja ck  ra b b it  a t RWMC and the  c o n tro l 
area were estim ated by m u lt ip ly in g  the  mean c o n ce n tra tio n  o f 
ra d io n u c lid e s  in  each type o f t is s u e  by the mean t is s u e  w e ig h t, and then 
summing those va lues. An o v e ra ll in ve n to ry  o f ra d io n u c lid e s  in  the  
p o p u la tio n  a t RWMC was obta ined by m u lt ip ly in g  the  es tim a te  o f 
whole-body burden by the  estim ated number o f  jack  ra b b its  o c cu rr in g  
th e re . For th is  c a lc u la t io n ,  the  RWMC was considered to  be 315 ha (th e  
area o f the  sampling g r id .  F ig . 3 ) .
12
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RESULTS
P opu la tion  D ensity
Estim ates based on fe c a l p e l le t  accum ulations in d ic a te d  th a t  the 
number o f b la c k - ta i le d  ja ck  ra b b its  in h a b it in g  the RWMC va rie d  
seasona lly  as w e ll as annu a lly  (F ig . 5 ) .  D ensity  was h igh es t in  1982 
and dec line d  through the  study p e rio d . The estim a te  o f  p o p u la tio n  
d e n s ity  in  the  summer o f 1982 was 2.76+0.25 ja ck  ra b b its /h a . During the 
summer o f 1983, the p o p u la tio n  was estim ated as 0.91+0.11 jack 
ra b b its /h a , and in  1984 as 0.40+0.04 ja ck  ra b b its /h a . Mean f a l l / w in t e r  
p o p u la tio n  d e n s ity  estim ates were 0 .59+0 .06/ha, 0 .18+0 .02 /ha , and
0.08+0.01/ha du ring  the 3 successive yea rs . Mean number o f ja c k  ra b b its  
in h a b it in g  RWMC d u rin g  the sp rin g  was 1.21+0.12/ha in  1983, 0 .28+0.03/ha 
in  1984. and 0.11+0.02/ha in  1985.
A lthough data c o lle c te d  from 58 s p o t l ig h t  tra n s e c t surveys d id  not 
y ie ld  q u a n t ita t iv e  estim ates o f p o p u la tio n  d e n s ity , average m onthly 
number o f ra b b its  seen per tra n s e c t (F ig . 6) e x h ib ite d  a p a tte rn  
s im i la r  to  th a t o f  d e n s ity  estim ates based on fe c a l p e l le t  accum ulations 
(F ig . 5 ).
Most o f  the rep o rted  f a l l / w in t e r  use was concentrated in  October 
and November as te le m e try  and s p o t lig h t in g  in d ic a te d  th a t  most jack 
ra b b its  l e f t  RWMC d u rin g  October and November and d id  not re tu rn  u n t i l  
s p r in g . Trapping and snow tra c k  counting  revealed e s s e n t ia lly  no use o f 
RWMC by ja ck  ra b b its  du rin g  w in te r .  During the  months o f December 
through March in  the  3 years th a t  t h is  study was conducted, I was aware
13
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o f o n ly  1 b la c k - ta ile d  ja ck  ra b b it  near RWMC. W in te r use o f RWMC by 
w h ite - ta i le d  jack  ra b b its  ( Lepus to w n sen d ii) ,  as repo rted  by A rth u r  and 
Janke (1986), was not observed du rin g  t h is  s tud y .
Exact tim e in  sp rin g  th a t  b la c k - ta i le d  ja ck  ra b b its  re in h a b ite d  
RWMC was no t a ccu ra te ly  determ ined. A l l  bu t one rad ioed ja ck  ra b b it  
th a t  l e f t  RWMC in  f a l l  e i th e r  d ied o r was o the rw ise  lo s t  from  ra d io  
co n ta c t be fo re  s p r in g . A ra d io -c o lla re d  ja ck  ra b b it  th a t  l e f t  RWMC in  
the  f a l l  o f  1982 re tu rned  sometime between 8 A p r i l  and 6 May 1983. The 
e a r l ie s t  in  the sp ring  th a t  I observed ja ck  ra b b its  a t RWMC was 8 A p r i l  
when 3 were seen in  1983.
Movement P a tte rns
Seventy in d iv id u a l ja ck  ra b b its  were cap tu red , marked, and re leased 
a t RWMC to  o b ta in  in fo rm a tio n  on movement p a tte rn s  and h a b ita t  
u t i l i z a t io n .  Twenty-two o f 40 ja ck  ra b b its  captured in  1982, and 22 o f 
29 captured in  1983 were f i t t e d  w ith  ra d io  t ra n s m itte rs .  Tw en ty-s ix  
ja ck  ra b b its ,  in c lu d in g  the  o n ly  1984 cap tu re , were marked w ith  o n ly  ear 
ta g s , e i th e r  because they  were too  sm all to  be c o lla re d  o r  because a l l  
t ra n s m itte rs  were in  use. E ig h t ja ck  ra b b its  were recaptured once; 1 
was recaptured tw ic e . F ive ear-tagged ja ck  ra b b its  were s igh ted  9 
tim es . A l l  s ig h tin g s  o f ear-tagged in d iv id u a ls  were w ith in  300 m o f 
capture  lo c a tio n s  and o th e r s ig h t in g s .
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T h irty -se ve n  ra d io -c o lla re d  jack  ra b b its  p rovided 296 daytim e 
ra d io - f ix e s .  The mean number o f lo c a tio n s  recorded per ra b b it  was 
8 .0+8 .6  (range, 1 -2 8 ). Seven in d iv id u a ls  d ied  o r departed the area 
be fo re  any daytime p o s it io n s  were documented. Mean maximum d is ta n ce  
between daytime lo c a tio n s  o f in d iv id u a l ra b b its  was 550+430 m.
On 19 n ig h ts , a l l - n ig h t  tra c k in g  sessions were conducted on 20 
d i f fe r e n t  animals fo r  a to ta l  o f 61 ra b b it -n ig h ts .  F if ty -o n e  o f these 
y ie ld e d  a t le a s t 6 lo c a tio n s  and were a r b i t r a r i l y  considered su cce ss fu l. 
A lthough 6 f ix e s  p robab ly  d id  not a llo w  fo r  a complete re p re s e n ta tio n  o f 
n ig h t ly  range o f some ra b b its ,  the sm a lle s t area ca lcu la te d  w ith  6 
f ix e s ,  4 .1  ha, was o n ly  0 .4  ha less  than the  area determ ined by 44 f ix e s  
(th e  maximum). Successful n ig h ts  per ja ck  ra b b it  ranged from 1-6. Mean 
number o f lo c a tio n s  per successfu l session was 16.2.
N ig h tly  polygon s ize  ranged from 2.1 to  26.4 ha (x=10.8+5.6) (Table 
1 ). When the n ig h t ly  ranges o f in d iv id u a l ra b b its  were averaged, the  
polygons ranged from 4 .7  to  17.2 ha (x=10.7+ 3 .8 ). Areas o f polygons 
enc los ing  a l l  ja ck  ra b b it  lo c a tio n s  (day and n ig h t)  ranged from 11.5 to  
57.6 ha (x=31.0+12.4). Maximum w id th  o f home range polygons averaged 
900+190 m.
Tw enty-three o f  44 ra d io -c o lla re d  ja ck  ra b b its  d ied  a t RWMC. The 
la te s t  date th a t a m onitored ja ck  ra b b it  d ied a t RWMC was 23 September 
in  1982 and 1 October in  1983. Of the m onitored jack  ra b b its  s u rv iv in g  
a f te r  these da tes , a l l  21 (9 in  1982; 12 in  1983) departed the  area.
15
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In  1982, the  f i r s t  marked jack  ra b b it  l e f t  between 28 October and 1 
November. Two l e f t  between 2 and 4 November; 1 l e f t  between 4 and 7 
November; 4 l e f t  between 8 and 12 November; and the  la s t  m onitored 
ra b b it  l e f t  between 12 and 15 November,
A ja ck  ra b b it  th a t  was captured and ra d io -c o lla re d  on 14 September 
1983 was never re lo ca te d  a t RWMC. Th is in d iv id u a l may have been passing 
through the area when i t  was cap tu red , o r d is tu rba nce  associa ted  w ith  
capture  may have caused i t  to  leave RWMC a t th is  e a r ly  da te . A l l  11 
o th e r jack  ra b b its  ra d io -c o lla re d  in  1983 were loca ted  a t RWMC between 7 
and 12 O ctober. By 4 November o n ly  1 rad ioed ja ck  ra b b it  remained a t 
RWMC. Th is ra b b it  departed RWMC before  18 November.
Because o f the  road less expanses o f INEL, de lays associa ted  w ith  
perm ission f o r  low a l t i tu d e  f l i g h t s ,  poor weather c o n d it io n s , 
o b lig a tio n s  a t the  u n iv e r s ity ,  and in te r fe re n c e  from o th e r s im i la r  
frequency tra n s m it te rs ,  des ired  exped itiousness and thoroughness in  
tra c k in g  lo n g -d is ta n ce  movements was no t a tta in e d . Two ra b b its  were 
never re lo ca te d  and 13 were not found a l iv e .  V isua l obse rva tions o f 6 
tra n s m itte re d  ja ck  ra b b its  were secured a f te r  they vacated RWMC. Only 2 
o f  these provided more than 1 l iv e  lo c a t io n  away from RWMC. One had 
been l iv in g  near the southeastern  corner o f  RWMC from the tim e o f i t s  
capture  (1 October 1982) u n t i l  2 November. I t  was loca ted  2 km 
northw est o f  i t s  e s ta b lish e d  range on 4 and 5 November. On 7 November, 
i t s  r a d io - c o l la r  was recovered 0.75 km n o rth  o f i t s  la s t  lo c a t io n .  The 
tra n s m it te r  was s ta ined  w ith  b lood . A pparen tly  a coyote k i l le d  and ate 
the r a b b i t ;  coyote tra c k s  were abundant in  the immediate v i c i n i t y .
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The o th e r ja ck  ra b b it  th a t  prov ided m u lt ip le  lo c a tio n s  away from 
RWMC e x h ib ite d  what may be considered tru e  m ig ra to ry  beha v io r. Th is  
animal was loca ted fre q u e n tly  a t RWMC from  the  date o f i t s  cap tu re  (3 
August 1982) u n t i l  28 O ctober. By 1 November, i t  had l e f t  RWMC. A 
tra n s m itte re d  coyote on the INEL, which had a frequency id e n t ic a l to  th e  
tra n s m it te r  on t h is  r a b b it ,  h indered t ra c k in g . A p o s it iv e  lo c a t io n  was 
f i n a l l y  ob ta ined on 18 February 1983 near INEL C entra l F a c i l i t ie s  Area 
(F ig . 1 ) ,  10 km n o rthe as t o f  RWMC. Between 8 A p r i l  and 6 May, i t
re tu rned  to  RWMC where i t  was loca ted  severa l tim es in  i t s  home range o f  
the  p rev ious yea r. The b a tte ry  in  the  t ra n s m it te r  soon e x p ire d , so I am 
u n ce rta in  i f  i t  remained a t RWMC o r moved on.
D istances th a t  ra b b its  tra v e le d  averaged 16.2+13.2 km (range , 
2 .2 -5 7 .3 ) (F ig . 7 ) .  P r io r  to  these lo n g -d is ta n ce  autumn movements, no 
ja ck  ra b b it  had moved from  RWMC. Time from  when ra b b its  were la s t  
loca ted  a t RWMC u n t i l  they were subsequently re lo ca te d  o r u n t i l  t h e i r  
c o l la rs  were recovered o fte n  exceeded 2 months. A lthough p re da to rs  o r 
scavengers may have moved tra n s m itte rs  th a t  were no longer on ra b b its ,  
the recovery lo c a tio n s  probably  approxim ate ac tu a l k i l l  s i te s :  Apparent
p re da to r k i l l s  a t  o th e r tim es o f  year were near to  where the  ra b b its  
were la s t  loca ted  w h ile  a l iv e .
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V ege ta tion  A n a lys is
N ine ty  species o f  p la n ts  were id e n t i f ie d  a t RWMC (Appendix B ). The 
68 o f  these th a t were recorded on the  ve g e ta tio n  p lo ts  were grouped by 
genus o r fa m ily  depending on growth form . Seven genera o f shrubs, 7 
genera o f  grasses, and fo rb s  from 14 fa m il ie s  occurred on ve g e ta tio n  
p lo ts  (Table 2 ) .  An increase in  grass cover and a decrease in  to ta l  
p la n t cove r, shrub cove r, and fo rb  cover were apparent as the  amount o f  
d is tu rba nce  on the  p lo ts  increased (F ig . 8 ) .  Because data from  the 
mixed p lo ts  were m erely an in te rg ra d e  o f data from n a tu ra l and d is tu rb e d  
p lo ts ,  the mixed p lo ts  w i l l  no t be discussed fu r th e r .  N a tu ra l p lo ts  
conta ined 6 genera o f  shrubs, 7 genera o f grasses, and 13 fa m il ie s  o f 
fo rb s . D istu rbed p lo ts  conta ined 5 genera o f  shrubs, 5 genera o f 
grasses, and 8 fa m il ie s  o f fo rb s .
A rtem esia . the  genus th a t  covered the  g re a te s t percentage o f 
n a tu ra l p lo ts  (1 5 .0 + 7 .5 ), c o n tr ib u te d  l i t t l e  (1 .4 + 3 .1 ) to  p la n t cover on 
d is tu rb e d  p lo ts .  Chrysothamnus, the  dominant shrub on d is tu rb e d  p lo ts  
(4 .5 + 7 ,1 ) , was the  second most abundant shrub (6 .5 + 4 .8 ) on n a tu ra l 
p lo ts .  Wheatgrasses c o n tr ib u te d  more to  to ta l  percen t cover than any 
o th e r grass genus on both types o f p lo ts .  Wheatgrasses grew on 93 o f 
the  101 ve g e ta tio n  p lo ts ,  and covered an estim ated 0.3% o f the  area. 
Crested wheatgrass averaged 0.20+0.39 percen t cover (0 .04+0.02 on 
n a tu ra l p lo ts  and 0.68+0.54 on d is tu rb e d  p lo ts ) .  W ith in  the SDA, th is  
species covered an estim ated 9.67+5.58% o f the  area sampled. 
T h ick -sp ike d  wheatgrass (Aqropyron dasystachum) and bluestem wheatgrass 
(A. s m ith i i ) .  which were o fte n  d i f f i c u l t  to  d is t in g u is h  in  the  f i e l d ,  
when combined covered 0.5+0.9% o f  n a tu ra l and 0.6+1.4% o f d is tu rb e d
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p lo ts .  Bluebunch wheatgrass (A. spicatum ) covered 0.9+1.2% o f  n a tu ra l 
and 0.3+0.8% o f d is tu rb e d  p lo ts .  Legumes were the  most common fo rb s  on 
n a tu ra l p lo ts  (3 .3 + 3 .8 ; 1 .6+2.6 on d is tu rb e d  p lo t s ) ,  whereas mustards
were the  most common fo rb s  on d is tu rb e d  p lo ts  (3 .1 + 5 .3 ; 0 .4+0 .6  on
n a tu ra l p lo ts ) .
H a b ita t U t i l iz a t io n
R a d io -co lla re d  jack  ra b b its  u t i l iz e d  the  a v a ila b le  h a b ita t b locks 
(540 n a tu ra l and 378 d is tu rb e d ) d i f f e r e n t ly  d u rin g  day and n ig h t.  
During d a y lig h t ,  141 ra d io - lo c a t io n s  were recorded in  n a tu ra l h a b ita t 
b lo cks . Th is  is  s ig n i f ic a n t ly  more (P<0.025) than the  61 daytime 
lo c a tio n s  recorded in  d is tu rb e d  quad ra ts . A l l  ra b b its  were associa ted  
w ith  shrub cover du ring  daytime lo c a t io n s . They were u s u a lly  in  areas 
dominated by sagebrush. O ccas iona lly  however, ja ck  ra b b its  were flush ed  
from  beneath lone shrubs, e ith e r  sagebrush o r ra b b itb ru s h , surrounded 
e n t i r e ly  by low herbaceous ve g e ta tio n  o r bare ground.
A t n ig h t ,  ja ck  ra b b its  used the d is tu rb e d  areas more (P<0.001), 
r e la t iv e  to  abundance, than n a tu ra l quadra ts . R a d io -co lla re d  ra b b its  
were loca ted  in  n a tu ra l b locks 291 tim es compared to  364 tim es in  
d is tu rb e d  b locks a t n ig h t .  Jack ra b b its  were o fte n  seen in  the  cen te r 
o f  d is tu rb e d  s ite s  a t n ig h t .  The o n ly  tim es th a t  I observed unharassed 
ja ck  ra b b its  in  the open d u rin g  d a y lig h t was o c c a s io n a lly  a t dusk and 
dawn.
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Food H ab its
M ic ro h is to lo g ic a l a n a ly s is  id e n t i f ie d  33 p la n t taxa  in  ja ck  ra b b it  
feces (Table 3 ) .  Number o f  taxa  per sample ranged from  11 to  23 
(x= 1 4 .9+ 3 ,3 ). Seasonal d ie t  samples conta ined 15-26 (x=19.7+3.8) taxa
per sampling pe riod  ( i . e . ,  w ith  d u p lic a te s  combined). Mid-summer d ie t  
samples conta ined 11-15 (x=12 .7+2.1) id e n t i f ia b le  p la n t taxa  per sample.
Most taxa  occurred in  frequenc ies  less than 5% (Table 3 ) .  F ive 
genera comprised g re a te r than 20% ( r e l ia b le  es tim a te  fo r  my sampling 
in te n s i ty ,  Holechek and Vavra 1981) o f  in d iv id u a l d ie t  samples. 
Aqropyron made up 23-53% o f  11 o f the 15 samples analyzed, Kochi a made 
up 21-29% o f 6 samples, Bromus made up 22-38% o f 3 samples, and Phlox 
made up 28% o f 1 sample. Aqropyron was the  most commonly eaten g ra ss , 
Kochi a the  most common fo rb ,  and A rte m is ia  the  most common shrub in  ja ck  
ra b b it  d ie ts  (Table 3 ) .  S a lso la  k a l i , which conta ined e leva ted  le v e ls  
o f  ra d io n u c lid e s  (A rth u r  1982), c o n s t itu te d  <1% o f RWMC ja ck  ra b b it  
d ie t .
Four genera o f p la n ts  (Aqropyron, Bromus, Kochia, and Phlox) were 
de tected in  a l l  samples. Four genera (A rte m is ia . Chrysothamnus. 
Lupinus, and Pga) were de tected  in  a t le a s t one d u p lic a te  o f  each 
seasonal sample. Poa was a lso  id e n t i f ie d  in  a l l  mid-summer samples.
P rop o rtio n  o f grasses, fo rb s , and shrubs in  jack  ra b b it  d ie t  
samples va rie d  seasona lly  through the  study pe riod  (F ig . 9 ) .  A lthough 
fo rb  use dec line d  somewhat d u rin g  w in te r ,  percentages o f fo rb s  in  the  
samples were more c o n s is te n t through tim e than were percentages o f 
shrubs and grasses. Increased percentages o f  grasses in  sp rin g  and 
summer d ie t  samples co inc ided  w ith  decreased consumption o f shrubs.
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C onverse ly, increased shrub con ten t in  w in te r  samples co inc ided  w ith  
decreased grass co n te n t.
Jack ra b b its  a t RWMC ate  alm ost no shrubs in  mid-summer d u rin g  th is  
s tud y . Fecal samples th a t  were c o lle c te d  in  August conta ined 66-75% 
grasses and 22-34% fo rb s . Only a tra c e  o f  shrub m a te ria l was de tected  
in  the  3 samples (F ig . 10).
R adionuclide C oncentra tions in  Jack R abbit T issues
Jack ra b b it  t is s u e  samples conta ined d e te c ta b le  con cen tra tion s  o f 
14 ra d io n u c lid e s  (Table 4 , Appendix C ). A l l  o f  these n u c lid e s  occur as 
background in  the  reg io n  e i th e r  because they are n a tu ra lly  o ccu rr in g  o r 
because o f  p rev ious w orld -w ide  nuc lea r f a l lo u t .  C oba lt-58 , S r-90 , 
Cs-137, Pu-238, Pu-239, and Am-241 a lso  e x is t  as waste in  SDA. A 
m a jo r ity  o f  the samples re g is te re d  d e te c ta b le  con cen tra tion s  o f Sr-90 
and tra n s u ra n ic  ra d io n u c lid e s . No s ig n i f ic a n t  d iffe re n c e  (P<0.05) was 
detected between con cen tra tion s  in  any t is s u e s  between areas. 
C oncentra tions o f  Pu-239 and Am-241 in  G -I t r a c ts  and h ides , however, 
appeared to  be h ig h e r in  ja ck  ra b b its  c o lle c te d  c lo s e r to  SDA (F ig . 12, 
Table 5 ) .  C oncentra tions o f  gamma-emitting n u c lid e s  were a t o r  below 
the  minimum d e te c tio n  l im i t  in  most samples. C oba lt-58 was de tected  in  
a h ide sample from RWMC, and Cs-137 was de tected  in  a G-I t r a c t  and a 
h ide  from  RWMC and a G -I t r a c t  from the c o n tro l area.
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T o ta l ra d io n u c lid e  burden per ra b b it  was estim ated to  be 133.2 pCi 
a t RWMC and 143.3 pCi a t the c o n tro l area (Table 5 ) .  In  the  summer o f 
1982, a t the  h ighes t ja ck  ra b b it  d e n s ity  th a t  I observered (2 .7 6 /h a ), 
the  p o p u la tio n  was contam inated by an estim ated 115.7 nCi o f  a c t iv i t y .
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DISCUSSION
P opu la tion  d e n s it ie s  o f b la c k - ta i le d  ja ck  ra b b its  vary w id e ly  
w ith in  and between years on the  INEL. D e n s itie s  a t the  peak in  the  
cyc le  as h igh as 8 ja ck  ra b b its /h a  have been estim ated (Anderson and
Shumar 1986). My study began in  the year fo llo w in g  the  peak and ended
befo re  the  low; th e re fo re , my estim ates do not in c lu d e  e ith e r  extreme 
in  the  cyc le  o f the  ja ck  ra b b it  p o p u la tio n  which may f lu c tu a te  g re a te r 
than 1 0 0 -fo ld  (Anderson and Shumar 1986). Mean annual d e n s ity  a t RWMC 
from J u ly  1982 through June 1983 was rough ly  8 tim es g re a te r th a t  d u rin g  
the same pe riod  2 years la te r .
Jack ra b b its  are no t even ly  d is t r ib u te d  in  a v a ila b le  h a b ita t  
(Nelson 1909, C u rr ie  and Goodwin 1966, French and Heasley 1981, Johnson 
1982). Throughout t h e i r  no rth e rn  range, b la c k - ta i le d  ja ck  ra b b its  
concen tra te  in  c e r ta in  areas du ring  w in te r  (Vorh ies and T a y lo r 1933, 
Bronson 1957, Rusch 1965, Gross e t a l .  1974). W inter co n ce n tra tio n s
occur a t  va rious  s ite s  on and near the INEL (French e t a l .  1965). RWMC
ap pa re n tly  lacked c h a ra c te r is t ic s  th a t  d ic ta te  where w in te r  
co n ce n tra tio n s  w i l l  occu r; because du rin g  th is  s tudy, RWMC supported 
very low d e n s it ie s  d u rin g  w in te r .
D e n s itie s  d u rin g  sp ring  and summer a t RWMC increased co n s id e ra b ly . 
P o pu la tio n  d e n s it ie s  du rin g  summer on the  INEL tend to  be p o s it iv e ly  
c o rre la te d  to  the  p ro p o rtio n  o f  grass a t the  s i te  (Johnson 1982). Grass 
cover was n e a rly  tw ice  as h igh  on d is tu rb e d  s ite s  a t RWMC compared to  
surround ing  n a tu ra l areas. Crested wheatgrass covered 2.7 tim es more
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area o f d is tu rb e d  s ite s  than a l l  o th e r grasses combined. Westoby and 
Wagner (1973) reported  no obvious tre n d  toward h ig h e r po p u la tio n s  in  
n a tiv e  ve g e ta tio n  im m ediate ly ad jacen t to  crested  wheatgrass, compared 
to  areas 900 m away. Average maximum w id th  o f home range polygons th a t 
I measured equaled 900 m, thus d e n s it ie s  in  a la rg e r  surround ing area a t 
RWMC need to  be in v e s tig a te d  be fore  reach ing conc lus ions about the
in flu e n c e  o f c rested  wheatgrass on d e n s it ie s  in  th is  a rea . Casual 
obse rva tions  suggest th a t  t h is  s i t e  supported a h ig h e r d e n s ity  than the 
surrounding areas.
Seasonal changes in  the  number o f ja ck  ra b b its  a t RWMC were
s tro n g ly  in flu e n ce d  by movements. A l l  ra d io -c o lla re d  animals departed 
the  RWMC in  f a l l ,  and e s s e n t ia lly  no ja ck  ra b b its  l iv e d  a t RWMC du rin g  
w in te r .  They began re in h a b it in g  RWMC du ring  sp rin g  w h ile  snowmelt was 
in  process. From observa tions and capture  success, i t  appeared th a t 
im m ig ra tio n  to  RWMC continued in to  the  summer, and in  com bination w ith  
re p ro d u c tio n , accounted f o r  h igh es t d e n s ity  du ring  la te  summer.
The mean s ize  o f summer home ranges th a t  I measured a t RWMC (31 ha)
was la rg e r  than most p rev ious es tim a te s . Annual home ranges were
rep o rted  as <16.2 ha (French e t a l .  1965), as 8-16 ha (O 'F a rre ll and 
G ilb e r t  1975), as 12 .1 -22 .3  ha (L e c h le itn e r  1956), and as 2 .4  ha du ring  
summer and 1 .6  ha d u rin g  w in te r  (Rusch 1965). The la rg e r  ranges th a t  I 
measured may have been in flu e n ce d  by techn ique ; most conc lus ions about 
ja c k  ra b b it  m o b il i ty  were based on data from tra p p in g  s tu d ie s  o r 
te le m e try  s tu d ie s  o f  s h o rt d u ra tio n .
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Past research in d ic a te d  th a t  l in e a r  movements, th roughout the l iv e s  
o f  in d iv id u a ls  on th e  INEL, were g e n e ra lly  r e s t r ic te d  to  less than 0 .8  
km (French e t  a l .  1965). Where food and s h e lte r  were no t in  c lose  
p ro x im ity ,  d a i ly  movements o f >1,6 km in  Kansas (Bronson 1957) and 
1 .6 -3 .2  km in  A rizona (Vorh ies and T a y lo r 1933) were re p o rte d . 
L e c h le itn e r  (1956) re p o rte d  th a t  no ja ck  ra b b it  on h is  C a lifo rn ia  study 
area moved >1.2 km except f o r  a pe riod  when f lo o d  waters fo rced  them to  
move to  d ry  areas. D espite  recorded movements o f 17.7 and 13.4 km by 
b la c k - ta i le d  jack  ra b b its  in  Utah (Rusch 1965), and p rev ious 
docum entation o f a 45 km movement on the  INEL (French e t a l .  1965), the  
presum ption th a t ja ck  ra b b its  do no t t ra v e l long d is tances is  w id e ly  
accepted. In  Utah (Janson 1946, C u rrie  and Goodwin 1966) and in  
C a lifo rn ia  (G r in n e ll e t  a l .  1930), p o rtio n s  o f ja ck  ra b b it  po pu la tions  
m ig ra te  seasona lly  in to  d i f fe r e n t  ve g e ta tio n  zones. Those authors d id  
no t re p o r t  d is tances in  t h e i r  s tu d ie s  which in vo lved  unmarked an im als. 
G r in n e ll e t  a l .  (1930) concluded th a t  a s h i f t  in  the  range o f  a small 
p a r t  o f  a p o p u la tio n  th a t  widened the  lo c a l range o f the  species 
probab ly  exp la ined t h is  apparent m ig ra tio n . W inter co n ce n tra tio n s  on 
and near the  INEL were exp la ined as sh o rt movements (<1 .6  km) by the
e n t ire  lo c a l p o p u la tio n  toward one c e n tra l lo c a t io n  (French e t a l .  
1965).
My data suggest th a t  ja ck  ra b b its  commonly move long d is tances in
an apparent annual m ig ra tio n . W inter con cen tra tio n s  o f b la c k - ta i le d
ja ck  ra b b its  may re s u lt  from  lo n g -d is ta n ce  movements. The ra b b it  th a t
tra v e le d  the  longest d is ta n ce  in  th is  s tudy (57 .3  km) moved to  a w e ll 
known c o n ce n tra tio n  area near Mud Lake, Idaho. The on ly  m onitored
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r a b b it  to  su rv ive  a w in te r  d id  so in  a w in te r  co n ce n tra tio n  area 
approx im a te ly  10 km from RWMC. Rusch (1965) re p o rte d  th a t  2 marked ja ck  
ra b b its  in  no rthe rn  Utah moved 9 .7  and 13.4 km from  summer home ranges 
to  a w in te r  co n ce n tra tio n  area.
The s tim u lus  f o r  the autumn movements th a t  I documented is  unknown. 
Seasonal movements in  Utah were in flu e n ce d  by snow cover (C u rr ie  and 
Goodwin 1966). The depa rtu re  from  RWMC fo llo w e d  an accum ulation o f  snow 
in  1982, bu t preceded snow accum ulation in  1983. M ig ra tio n s  o f snowshoe 
hares ( Lepus americanus) have been c o rre la te d  w ith  weather (Cox 1936, 
Henshaw 1966) and food shortages (Windberg and K e ith  1976, K e ith  e t  a l .  
1984). F u rth e r ra d io - te le m e try  s tu d ie s  should be conducted to  determ ine 
the  s tim u lu s  fo r  t h is  e m ig ra tio n  from RWMC and to  e s ta b lis h  the  u lt im a te  
d e s t in a t io n  o f m ig ra n ts . The impact th a t  m ig ra tio n  has on w in te r  
co n ce n tra tio n s  is  an im p o rtan t fe a tu re  o f the ecology o f jack  ra b b its  
th a t  is  p o o rly  understood. Th is  may have s ig n i f ic a n t  im p lic a t io n s  
reg a rd in g  the  co n ce n tra tio n s  o f ra b b its  near a g r ic u ltu ra l areas, and the 
c o n tro l o f  these ra b b its .  Whether o r not they u s u a lly  re tu rn  to  the 
o r ig in  o f  t h e ir  m ig ra tio n  should be e s ta b lis h e d : French e t a l .  (1965)
may have been m is le d , when they trapped ra b b its  th a t  d id  re tu rn ,  to  
b e lie v e  th a t  ra b b its  do no t m ig ra te . The o n ly  ra d io -c o lla re d  ra b b it  in  
th is  study known to  su rv ive  a w in te r  re tu rn ed  to  RWMC the  fo llo w in g  
s p r in g . The fa te  o f  2 rad ioed animals th a t  departed RWMC is  unknown.
Food h a b its ,  te le m e try , and s p o t l ig h t  data suggest th a t  h igh 
p ro p o rtio n s  o f fa v o r i te  foods growing on d is tu rb e d  s ite s  a t RWMC 
a ttra c te d  ja c k  ra b b its  to  these s ite s  a t n ig h t ,  the tim e when most 
fee d in g  occurs (Bronson 1957, L e c h le itn e r  1957). Lack o f a v a ila b le
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h id in g  cover p ro h ib ite d  jack  ra b b its  from  u t i l i z in g  these s ite s  du rin g  
d a y lig h t .  Nearby sagebrush s a t is f ie d  the  requirem ent fo r  s e c u r ity  and 
s h e lte r  d u rin g  the  day w h ile  p ro v id in g  escape cover a t n ig h t.
The most common ja ck  ra b b it  foods a t RWMC were grasses du rin g
s p r in g , fo rb s  and grasses du rin g  summer, and shrubs du rin g  f a l l  and
w in te r  (F ig s . 9 and 10). Th is  seasonal d ie ta ry  tre n d  is  ty p ic a l o f  the
species th roughou t much o f i t s  range (C u rr ie  and Goodwin 1966, Hayden
1966, Sparks 1968, Westoby 1980, C la rk  1981). Grasses and fo rb s  were 
the  prim ary fo rage  f o r  ja ck  ra b b its  a t RWMC: Few ja ck  ra b b its  in h a b ite d
RWMC du ring  f a l l  and w in te r ,  thus shrubs were no t h e a v ily  u t i l i z e d .  
Wheatgrasses and summer cypress, which grew p r im a r ily  on d is tu rb e d  
s i te s ,  in c lu d in g  SDA, were the  2 most coimion foods o f RWMC ja ck  ra b b its .  
A lthough cres ted  wheatgrass could no t be m ic ro h is to lo g ic a lly  
d i f fe r e n t ia te d  from  th ic k -s p ik e  wheatgrass and bluestem wheatgrass in  
the  d ie t  samples, c rested  wheatgrass probably accounts fo r  most 
wheatgrass in  ja ck  ra b b it  d ie ts  a t RWMC. Jack ra b b its  ea t whatever 
grasses are found in  the  h a b ita t  (Johnson 1982), and compared to  the  
o th e r 2 wheatgrasses combined, crested  wheatgrass was n e a rly  13 tim es 
more abundant and occurred more than tw ice  as o fte n  on d is tu rb e d  p lo ts .  
Crested wheatgrass was re p o rte d  to  be a major c o n s titu e n t o f  the  d ie t  o f 
b la c k - ta i le d  ja ck  ra b b its  in  p laces where i t  was a v a ila b le  (Westoby and 
Wagner 1973, Fagerstone e t a l .  1980, Westoby 1980). Crested wheatgrass 
was, th e re fo re , p robab ly  the  dominant food item  throughout much o f the  
year a t RWMC and was e s p e c ia lly  im p o rtan t in  summer, when ja ck  ra b b it  
d e n s it ie s  were h ig h e s t. Crested wheatgrass, which in  a r id  environm ents 
is  id e a l ly  s u ite d  as a cover to  reduce e ro s io n  and to  l i m i t  w ater
27
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
i n f i l t r a t i o n  above bu rie d  waste, p robab ly  a t tra c te d  jack  ra b b its  to  SDA.
S o il covers in  SDA may not be s u f f ic ie n t  to  r e s t r ic t  ra d io n u c lid e  
uptake by de ep -roo ting  species (A rth u r  1982). Russian t h i s t l e ,  which 
con ta ined h ighe r con tam ina tion  le v e ls  than cres ted  wheatgrass, p o s s ib ly  
because i t s  ro o ts  are more l i k e ly  to  pene tra te  to  buried  waste (A rth u r  
1982), c o n tr ib u te d  l i t t l e  to  ja ck  ra b b it  d ie ts .  Summer cypress, a 
de e p -roo ting  spec ies , which was the  second most abundant taxa  de tected  
in  d ie ts ,  was no t analyzed by A rth u r (1982) f o r  ra d io n u c lid e  
co n c e n tra tio n s . Summer cypress and Russian t h is t le  covered 
approx im a te ly  equal p o rt io n s  o f d is tu rb e d  ve g e ta tio n  p lo ts .
R ad ionuclide  co n ce n tra tio n s  in  b la c k - ta i le d  ja ck  ra b b its  in h a b it in g  
RWMC were no t s ig n i f ic a n t ly  d i f fe r e n t  than con cen tra tion s  in  animals 
from  a c o n tro l s i t e .  C oncentra tions o f Am-241 and Pu-239, however, were 
s l ig h t ly  h igh e r in  G -I t r a c ts  and hides o f  ja ck  ra b b its  c o lle c te d  
nearest SDA (F ig . 12, Table 5 ) .  Small and unequal sample s izes  and 
h igh v a r ia b i l i t y  in  the  RWMC samples may have masked an a c tu a l 
d if fe re n c e . C oncentra tions o f Am-241 in  c o t to n ta i ls  c o lle c te d  in s id e  
SDA were s ig n i f ic a n t ly  h igh e r than con cen tra tion s  in  c o t to n ta i ls  from a 
c o n tro l area (Janke and A rth u r 1985). R atios o f ra d io n u c lid e  
con cen tra tion s  suggest th a t  waste products a t RWMC may have been a t 
le a s t p a r t ia l l y  re sp o n s ib le  f o r  con tam ination  o f jack ra b b its .  The 
r a t io  o f  Am-241/Pu-239 expected from w orld -w ide  f a l lo u t  in  the INEL 
v ic in i t y  is  0 .3 , bu t was 3 .0  o r  h igh e r in  contaminated su rface  s o i ls  
near SDA (Markham e t  a l .  1978). Crested wheatgrass and Russian t h is t le  
had ra t io s  o f 0 .5  a t a c o n tro l area 68 km east o f  SDA, whereas these 
species conta ined r a t io s  from  1.0  to  8 .0  in  SDA (A rth u r 1982). R a tios
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in  G -I t r a c ts  and hides o f c o n tro l area ja ck  ra b b its  was 0 .4 . The r a t io  
was 3 .7  in  G -I t r a c ts  and 3 .6  in  h ides o f ja ck  ra b b its  c o lle c te d  a t 
RWMC.
S tud ies  o f ra d io n u c lid e  con tam ina tion  in  o th e r w i ld l i f e  species a t 
RWMC have been summarized (A rth u r and Janke 1986), and in d ic a te  th a t  
p o te n t ia l f o r  t ra n s p o rt from the  area by b io t ic  mechanisms is  m inor. My 
f in d in g  support th a t  co n c lu s io n . No d iffe re n c e  in  con tam ination  le v e ls  
was de tec ted  in  ja ck  ra b b its  from  the  2 lo c a tio n s  I in v e s tig a te d . T o ta l 
burden o f ra d io n u c lid e s  in  ja ck  ra b b its  was approx im ate ly  h a lf  o f  what 
was de tec ted  in  c o t to n ta i ls  (Janke and A rth u r 1985). S tron tium -90  and 
Cs-137 c o n tr ib u te d  95% o f the  ra d io n u c lid e  burden in  jack  ra b b its  a t 
RWMC and 99% in  c o n tro l area ja ck  ra b b its .  Americium-241, which was 
de tec ted  in  co n cen tra tio n s  alm ost 30 tim es h igher in  RWMC ja ck  ra b b its  
than c o n tro l area ra b b its  (Table 5 ) , c o n tr ib u te d  the to  the m a jo r ity  o f 
the  d if fe re n c e .
A lthough jack  ra b b its  were not determ ined to  be a s ig n i f ic a n t  
fa c to r  in  ra d io n u c lid e  tra n s p o rt a t RWMC, they have the p o te n t ia l to  
move contam inants from  areas w ith  h igh con tam ination  le v e ls .  Th is  
tra n s p o rt mechanism shou ld , th e re fo re , be m onitored in  areas 
contam inated by o p e ra tion s  and a cc id e n ts . Because o f the  extreme 
numbers du rin g  peaks in  the  p o p u la tio n  cyc le  o f th is  species, sp e c ia l 
co n s id e ra tio n  should be g iven  a t these tim es . Several modes o f p o ss ib le  
con tam ina tion  o f ja ck  ra b b its  e x is te d  a t RWMC. Food sources such as 
c res ted  wheatgrass and summer cypress cou ld be contaminated from uptake 
v ia  ro o ts  o r by su rface  con tam in a tio n . Jack ra b b its  cou ld dust 
themselves (Bronson 1957) in  contam inated s o i l  then tra n s p o rt i t
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e x te rn a lly  o r  in te r n a l ly  a f te r  grooming. They could a lso  d i r e c t ly  
in g e s t contam inated s o i l .
In  more h e a v ily  contam inated areas, where re d u c tio n  o f  b io t ic  
t ra n s p o r t  may be d e s ira b le , mowing the ve g e ta tio n  m ight reduce the 
a ttra c t iv e n e s s  to  ja ck  ra b b its .  In  the  3 years th a t  th is  s tudy was 
being conducted, the  SDA was mowed in  la te  summer o r e a r ly  f a l l .  Th is 
appeared to  reduce i t s  a t tra c t iv e n e s s  to  ja ck  ra b b its .  My s p o t l ig h t in g  
da ta  are  meager, p a r t ic u la r ly  as a re s u lt  o f the d e c lin in g  number o f 
ja ck  ra b b its  a t RWMC th roughou t the study p e rio d , and because the  mowing 
occurred s h o r t ly  be fo re  the  f a l l  depa rtu re  from RWMC by ja ck  ra b b its ,  
bu t ra b b its  were never seen in  mowed areas even though they re g u la r ly  
used them be fo re  mowing. F u rth e r research could c la r i f y  the  e f fe c t  th a t  
mowing has on ra b b it  use o f SDA. The impact th a t  mowing has on o th e r 
d e s ira b le  q u a l i t ie s  o f  c rested  wheatgrass should be in v e s tig a te d , 
however, be fo re  beg in ing  a frequent-m owing p ro je c t .
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Table 1. Movement p a tte rn s  of b la c k -ta iled  Jack rab b its  a t  the INEL Radioactive Waste Management Complex.
Jack rab b it 
Id e n tif ic a tio n  
number
Sex







Number of fix es  




6 F 9.0  (0.6) 8 .6 -9 .5 23.9 84 22 47 69 800
12 M 10.9 (9.5) 3.0-23.8 45.5 78 16 93 109 1300
" 16 M 4.7 (1.1) 3 .9-5 .5 11.5 61 12 42 56 480
17 F 9.4 (2.8) 7.4-11.4 13.3 39 3 26 29 840
18 M 11.4 (0.4) 11.1-11.6 16.7 31 3 35 38 1110
23 M 12.9 (9.0) 4.1-26.4 40.1 105 27 66 93 860
24 unknown 11.3 (6.5) 5.4-20.2 29.2 106 24 40 64 940
25 F 14.7 (4.6) 6.5-18.6 34.7 98 24 71 95 1000
28 F 8.6  (2.2) 6.5-12.0 33.2 87 18 68 86 900
29 F 5.9 (2.9) 3.4-9 .7 35.4 84 20 55 75 850
31 F 7.7 (5.9) 2.1-13.8 34.1 80 16 84 100 1020
32 M 14.9 (9.4) 4.4-22.5 40.2 14 4 35 39 960
34 M 16.8 (0.6) 16.4-17.3 24.7 27 5 59 64 830
35 F 17.2 (4.4) 14.1-20.3 24.3 27 5 45 50 680





























T a b l e  2 .  P e r c e n t  o c c u r r e n c e  a n d  p e r c e n t  c o v e r  o f  3  c a t e g o r i e s  o f  p l a n t s  a n d  n o n - v a s c u l a r  p l a n t  

















T a x o n
N a t u r a l  P l o t s  ( N » 6 1 ) D i s t u r b e d  P l o t s  ( N = 2 2 )
P e r c e n t
o c c u r r e n c e
P e r c e n t c o v e r
P e r c e n t
o c c u r r e n c e
P e r c e n t  c o v e r
me a n ( s d ) r a n g e me a n  ( s d )  r a n g e
S h r u b s 1 0 0 2 4 . 3 ( 8 . 6 ) 9 . 9 - 4 3 . 6 4 5 6 . 2 ( 1 0 . 2 )  0 - 3 1 . 0
A r t e m i  s  i a 9 8 1 5 . 0 ( 7 . 5 ) 0 - 3 4 . 3 3 6 1 . 4 ( 3 . 1 )  0 - 1 4 . 0
C h r y s o t h a m n u s 9 3 6 . 5 ( 4 . 8 ) 0 - 1 8 . 7 3 2 4 . 5 ( 7 . 1 )  0 - 2 1 . 7
Gut  i e r r e z  i a 13 0 . 4 ( 1 . 1 ) 0 - 5 . 0 0
L e p t o d a c t y 1 o n 6 9 1 . 8 ( 2 . 2 ) 0 - 1 1 . 7 18 0 . 2 ( 0 . 7 )  0 - 2 . 7
Op u n t  i a 15 0 . 1 ( 0 . 3 ) 0 - 1 . 7 4 0 . 1 ( 0 . 2 )  0 - 1 . 0
T e t  r a d y m i a 2 6 0 . 6 ( 1 . 3 ) 0 - 6 . 0 9 0 . 1 ( 0 . 4 )  0 - 2 . 0
G r a s s e s 1 0 0 5 , 4 ( 4 . 6 ) 1 , 0 - 2 6 . 0 1 0 0 1 0 . 2 ( 5 . 5 )  1 . 0 - 3 1 . 0
A g r o p y r o n 8 9 1 . 9 ( 2 . 9 ) 0 - 2 1 . 3 9 5 8 . 3 ( 5 . 5 )  0 - 1 8 . 3
Br o mu s 4 3 1 . 3 ( 3 . 6 ) 0 - 2 2 . 7 2 7 0 . 6 ( 1 . 5 )  0 - 6 . 0
E 1ymus 5 0 . 1 ( 0 . 4 ) 0 - 2 . 7 4 0 . 2 ( 0 . 7 )  0 - 3 . 3
O r y z o p s i s 28 0 . 2 ( 0 . 3 ) 0 - 1 . 0 14 0 . 1 ( 0 . 2 )  0 - 0 . 7
Poa 6 4 1 . 0 ( 1 5 ) 0 - 7 . 3 0
S i  t a n  i o n - H o r d e u m 8 0 0 . 9 ( 0 . 9 ) 0 - 3 . 3 6 4 1 . 0 ( 1 . 4 )  0 - 6 . 0
S t  i p a 2 3 0 . 2 ( 0 . 4 ) 0 - 2 . 0 0
F o r b s 1 0 0 1 2 . 2 ( 5 . 4 ) 2 . 3 - 2 7 . 3 8 6 9 . 3 ( 9 . 0 )  0 - 3 2 . 3
B o r a g i n a c e a e 28 0 . 2 ( 0 . 4 ) 0 - 2 . 0 18 0 . 2 ( 0 . 6 )  0 - 2 . 3
C a r y o p h y 1a c e a e 16 0 .  1 ( 0 . 5 ) 0 - 3 . 3 0
C h e n o p o d i a c e a e 0 41 1 . 6 ( 4 . 9 )  0 - 2 2 . 3
Compo s  i t a e 9 3 2 . 3 ( 2 . 2 ) 0 - 1 0 . 3 5 5 1 . 3 ( 2 . 4 )  0 - 1 0 . 0
C r u c  i f e r a e 4 8 0 . 4 ( 0 . 6 ) 0 - 2 . 0 6 4 3 . 1 ( 5 . 3 )  0 - 2 2 . 7
L e g u m i n o s a e 74 3 . 3 ( 3 . 8 ) 0 - 1 3 . 3 4 5 1 . 6 ( 2 . 6 )  0 - 9 . 3
L i l e a c e a e 3 < 0 .  1 ( 0 . 1 ) 0 - 1 . 0 0
Ma 1v a c e a e 3 < 0 .  1 ( 0 . 1 ) 0 - 0 . 7 0
O n a g r a c e a e 15 0 .  1 ( 0 . 4 ) 0 - 2 . 3 0
O r o b a n c h a c e a e 3 < 0 . 1 ( 0 . 1 ) 0 - 0 . 3 0
P o 1e m o n a c e a e 8 0 2 . 9 ( 2 . 7 ) 0 - 8 . 6 3 2 0 . 7 ( 1 . 8 )  0 - 7 . 7
P o 1y g o n a c e a e 21 0 . 1 ( 0 . 2 ) 0 - 1 . 0 9 0 . 1 ( 0 . 3 )  0 - 1 . 3
S c r o p h u 1a r a c e a e 8 5 2 . 9 ( 2 . 6 ) 0 - 1 0 . 3 2 7 0 . 8 ( 1 . 6 )  0 - 6 . 0
U m b e 1 1 i f e r a e 3 < 0 .  1 ( 0 . 1 ) 0 - 1 . 0 0
N o n - v a s c u l a r 1 0 0 5 8 . 8 ( 1 1 . 0 ) 4 0 . 3 - 8 3 . 3 100 7 4 . 9 ( 1 1 . 4 )  5 1 . 0 - 8 8 . 0
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Table 4. Concentrations of radionuclides (pCi/g oven dry weight) In tissu es  of b lack -ta iled  jack rabbits collected 







location Sr-90 Cs-137 Pu-238 Pu-239/240 Am-241
"nc3.3" RWMC x(sd) 0.106 (0.057) 0.086 (0.17) 0.0008 (0.0004) 0.0039 (0.0038) 0.0143 (0.022)
w G-I n*ll range 0.061-0.253 ♦BDC-0.411 B0C-0.Û014 0.0008-0.0134 0.0009-0.063CD■D ® TractOQ. Control x(sd) 0.086 (0.009) 0.089 (0.24) 0.0004 (0.0003) 0.0013 (0.0007) 0.0005 (0.0003)C
a
o3
n=4 range 0.078-0.097 BDC-0.368 BDC-0.0009 0.0009-0.0024 BOC-0.0009
■D
O3" RWMC x(sd) 0.21 (0.11) 0.038 (0.22) 0.0012 (0.0015) 0.018 (0.044) 0.065 (0.15)CT
1—H n=ll range 0.011-0.34 BOC-BDC BOC-0.0053 0.0007-0.150 0.0009-0.51
Q. Hide$ 
1—H Control I(sd ) 0.28 (0.07) 0.033 (0.084) 0.0014 (0.0018) 0.0038 (0.0022) 0.0016 (0.0006)
oc
"O
n=4 range 0.195-0.36 BOC-BDC 0.0012-0.0016 0.0021-0.0068 0.0012-0.0025
CD
3(/) RWMC x(sd) 0.26 (0.14) 0.016 (0.12) 0.0001 (0.0002) 0.0002 (0.0002) 0.0006 (0.0010)(/)
o' n=ll range 0.107-0.640 BOC-BOC BOC-0.0006 BOC-0.0009 BOC-0.0035
3 Carcass
Control x(sd) 0.27 (0.08) 0.038 (0.033) 0.0001 (0.0002) 0.0002 (0.0001) 0.0001 (0.0001)
n=4 range 0.202-0.380 BOC-BOC BOC-0.0004 BOC-0.0003 BOC-0.0002













Table 5. Average concentrations (pCi) of radionuclides in b lack -ta iled  jack rab b its  a t  the INEL Radioactive 






















Location Tissue Sr-90 Cs-137 Pu-238 Pu-239/240 Am-241 Total
6-1 Tract 5.5 4.5 0.043 0.21 0.75 11.0
Hide 14.8 2.7 0.083 1.29 4.59 23.5
RWMC
Cji Carcass 114.6 0 0.055 0.09 0.27 115.0to
Whole Body 134.9 7.2 0.181 1.59 5.61 149.5
G-I Tract 5.6 5.7 0.028 0.08 0.03 11.4
Hide 21.8 2.5 0.107 0.29 0.13 24.8
Control
Carcass 93.4 12.9 0.041 0.07 0.05 106.5











F ig . 1. Map o f  th e  Idaho N a tion a l Engineering Laboratory.
40
































I l  Storage U  
Area 11
= Spotlight census route
Radio-telemetry triangulation station
Railroad
-telemetry s ta t io n s  and spo tligh t censusghttl census1t io n s  of rad iv    ------ , _




Subsurface D isposa l Area
115
F ig . 3. Environm ental sampling g r id  a t  th e  INEL R ad ioactive  Waste 
Management Complex.
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Disturbed I I Natural
^ ‘Subsurfaces 
Disposal Area Transuranic -fstorage— - 
^ A r e a t l
F ig . 4 . H a b ita t d is t r ib u t io n  g r id  a t  the  INEL R ad ioactive  Waste 
Management Complex.
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Jack rabb its /ha
0.54
Suimier Fall/WInter Spring Summer Fell/Winter Spring Summer Fall/Winter Spring
1982 1983 1984 1985
Fig. 5. Seasonal estimates o f b la c k -ta ile d  jack ra b b it population density a t the INEL Radioactive 






























o f jack 









A M J J A S O N 
1983




Fig. 6. Relative d en s itie s  of b lack -ta iled  jack rabb its  a t  the INEL Radioactive Waste Management 
Complex based on mean monthly number of jack rab b its  observed along a 15 km sp o tl ig h t survey rou te .
o 1982




F ig , 7 . F a ll movements o f  b la c k - ta i le d  ja ck  ra b b its  away from  the  INEL 
R adioactive  Waste Management Complex.
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Bare Ground Shrub 
L i t t e r
Forb Grass
F ig . 8 . Percent cover o f  sh rub , fo rb ,  g ra ss , and non-vascu la r p la n t 
e n t i t le s  on n a tu ra l (N ), mixed (M ), and d is tu rb e d  (D) v e g e ta tio n  p lo ts  
a t the  INEL R a d ioac tive  Waste Management Complex.
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o Am-241 in gastro-intestinal tracts 
9 Am-241 in hides 
•  Pu-239 in gartro-intestinal tracts 











I I I I '
0.2 0.4
1 ""T I 1̂ "̂"'''''̂ '''''''?"
0.6 0.8 1.0 1.2 1.4 16.0
Distance from Subsurface Disposai Area (km)
Fig. 12. Concentrations of Pu-239 and Am-241 in g a s tro - in te s tin a l  t r a c t s  and hides of b lack -ta iled  
jack rab b its  r e la t iv e  to distance from the RWMC Subsurface Disposal Area.
APPENDIX A
S ize D is t r ib u t io n  o f B la c k - ta ile d  Jack Rabbit and N u t ta l l 's  C o tto n ta il 
Fecal P e lle ts  Obtained from Boxtrapped In d iv id u a ls .
Jack Rabbits >1000 g
Size c lass
ID
number Date >10 mm <10 mm <9 mm <8 mm <7 mm <6 mm
J1 63083 0 0 3 4 1 0
J2 71183 10 11 6 0 0 0
J2 91283 0 9 18 12 3 0
J3 62983 39 30 11 0 0 0
J3 70683 0 10 14 6 1 0
J4 100883 0 0 5 1 0 0
J5 101283 0 1 15 12 4 0
J6 91083 1 0 26 20 0 0
J6 100883 0 0 0 6 0 0
37 81883 0 3 2 0 0 0
39 90983 0 0 2 4 2 0
311 71383 12 15 11 1 0 0
311 72583 1 1 1 0 0 0
J l l 91283 34 20 26 18 1 0
J12 100783 0 0 2 4 0 0
J14 91683 0 0 1 40 24 0
J15 120984 0 7 53 70 18 0
T ota l 97 107 196 198




number Date >10 mm <10 mm <9 mra <8 mm <7 mm <6 mm
J8 81983 0 0 6 77 69 0
JIO 91383 0 0 1 48 40 0
J13 72983 0 0 0 2 6 0
T o ta l 0 0 7 127 115 0
52
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C o tto n ta i1
S ize c lass
ID
lumber Date >10 mm <10 mm <9 mm <8 mm <7 mm <6 mm
27 62983 0 0 11 37 39 5
168 81283 0 0 20 42 9 0
301 81083 0 0 41 135 51 4
303 81083 0 0 0 75 75 14
303 81183 0 0 0 0 78 39
303 81883 0 0 2 55 51 2
303 81983 0 0 0 0 29 70
303 90783 0 0 0 2 73 71
303 90883 0 0 0 1 16 0
303 90983 0 0 0 6 53 26
303 91083 0 0 0 0 43 113
305 90783 0 0 0 13 12 0
305 91283 0 0 0 3 62 0
305 91383 0 0 2 40 4 0
305 100883 0 0 0 0 22 12
307 90783 0 0 1 88 57 2
307 90883 0 0 0 1 2 84
307 91083 0 0 0 46 88 53
307 91183 0 0 0 0 10 69
309 90883 0 0 0 38 108 72
309 91183 0 0 0 49 63 27
311 90883 0 0 0 23 85 47
311 101283 0 0 0 0 35 45
313 91083 0 0 0 35 7 1
315 91183 0 0 0 28 33 30
315 100783 0 0 0 0 59 51
315 100883 0 0 0 0 14 75
315 101183 0 0 0 0 39 74
315 110483 0 0 0 0 1 71
315 110683 0 0 0 0 21 58
317 91483 0 0 0 49 80 2
321 91483 0 0 0 35 134 6
323 91483 0 0 0 3 127 85
323 100783 0 0 0 2 53 135
349 62484 0 0 0 20 98 29
351 62984 0 0 0 16 109 13
351 100783 0 0 0 0 12 168
365 110583 0 0 0 34 19 2
367 110483 0 0 0 0 28 1
372 71583 0 0 1 19 85 15
373 71183 0 0 3 43 68 23
373 72183 0 0 0 14 6 0
373 90883 0 0 0 4 74 19
53





o n ta il (con tinued)
Size c lass
>10 mm <10 mm <9 mm1 <8 mm <7 nwti <6 mm
373 90983 0 0 0 0 14 13
373 91083 0 0 0 0 24 31
373 91183 0 0 0 1 2 24
433 70883 0 0 7 41 19 2
436 70783 0 0 0 31 60 19
436 71183 0 0 17 75 70 17
436 71583 0 D 11 87 64 15
436 72283 0 0 3 31 71 22
436 72583 0 0 30 81 55 8
436 72683 0 0 0 26 17 0
436 81283 0 0 1 91 73 23
436 90783 0 0 1 52 55 21
436 90883 0 0 1 68 55 26
436 91183 0 0 0 74 67 3
436 91283 0 0 0 49 53 19
438 70583 0 0 0 5 7 0
440 70783 0 2 24 43 13 0
440 70183 0 0 3 133 30 2
440 90783 0 0 1 110 44 1
440 90983 0 0 0 4 82 24
440 91183 0 0 7 107 5 0
666 71383 0 3 55 68 42 0
777 62983 0 0 1 51 88 55
888 50783 0 0 4 31 39 17
999 119982 0 0 4 27 107 12
T ota l 0 5 251 2242 3288 1967
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APPENDIX B
P la n ts  Id e n t i f ie d  Near the  INEL R ad ioactive  Waste Management Complex.*
BORAGINACEAE
C ryptantha in te r ru p ta  (Greene) Pays. 
C ryp tantha scoparia  A. Nels.
Lappula e ch in a ta  G i l ib .
Lappula redow skii (Hornem.) Greene
B r is t ly  c ryp ta n tha  
Desert c ryp ta n tha  
B r is t ly  s tickseed  
Western s tickseed
CACTACEAE
O puntia po lyacantha Haw, S ta rv a tio n  c h o lla
CARYOPHYLLACEAE
A re n a ria  f ra n k 1 i n i i  Dougl. F ra n k lin 's  sandwort
CHENGPODIACEAE
Chenopodium album L.
E u ro tia  la na ta  (Pursh) Moq. 
Haloqeton glom eratus Meyer 
Kochia scoparia  (L . )  Schrad. 
Sal sol a k a l i  ( L . )
Lambsquarter 
W in te rfa t 
Halogeton 
Summer cypress 
Russian t h is t le
COMPOSITAE
A ntennaria  m ic ro p h y lla  Rydb.
A rte m is ia  lu d o v ic ia n a  N u tt.
A rte m is ia  t r id e n ta ta  N u tt.
A rte m is ia  t r i p a r t i t a  Rydb.
Balsamorhiza s a g itta te . (Pursh) N u tt. 
Chaenactis d o u g la s ii (Hook.) H. and A. 
Chrysothamnus nauseosus ( P a l l . )  B r i t t .  
Chrysothamnus v is c id i f lo r u s  (Hook.) N u tt 
C irsium  arvense (L . )  Scop.
C irsium  vu1gare (S a v i) Tenore
Rosy pussy-toes 
P ra ir ie  sage 
Big sagebrush 
T h ree tip  sagebrush 
A rrow lea f balsam root 
Hoary fa ls e -y a rro w  
Gray ra b b it-b ru s h  
Green ra b b it-b ru s h  
Canadian t h is t le  
B u ll t h is t le
55
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COMPOSITAE (continued)
C répis acuminata N u tt.
Erioqonum pumi1is  N u tt.
G u t ie r re z ia  saro th rae  (Pursh) B r i t t ,  and Rusby. 
Haplopappus resinosus (N u tt . )  Gray 
Iva  a x i l l a r i s  Pursh 
Lactuca s e r r io la  L.
Machaeranthera canescens (Pursh) Gray 
Senecio canus Hook.
Senecio in te g e rrim u s  N u tt.
Taraxacum o f f ic in a le  Weber 
Tetradym ia canescens DC.
Townsendia f l o r i f e r  (Hook.) Gray 
Tragopoqon dubius Scop.





P r ic k ly  le ttu c e  
Hoary a s te r 





Yellow s a ls i f y
CRUCIFERAE
Alyssum desertorum S tap f 
A rab is  1iq n ife ra  N els.
D escura in ia  sophia (L . )  Webb 
Lepidium de n s iflo ru m  Schrad.
Lepidium p e rfo lia tu m  L.
Schoenocrambe l i n i f o l i a  (N u tt . )  Greene 
Sisymbrium a ltiss im um  L.





C lasping pepperweed 
Plainsm ustard 
Jim H i l l  mustard 
Fanweed
CUPRESSACEAE
Juniperus scropulorum Sarg, Rocky Mountain ju n ip e r
EUPHORBIACEAE
Euphorbia esu la  L. Esula spurge
GRAMINAE
Aqropyron c r is ta tu m  (L . )  Gaerthn 
Aqropyron dasytachyum (Hook.) S c rib n . 
Aqropyron s m ith i i Rydb.
Aqropyron spicatum (Pursh) S c rib n , and Smith 
Bromus tectorum  L.
Crested wheatgrass 
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GRAMINAE (continued)
Elytnus c inereus S c r ib . and M err.
Hordeum jubatum L.
O ryzopsis hymenoides (R. and S .) R icker 
Poa sandberqi i  Vasey 
S ita n io n  h y s t r ix  (N u t t . )  Smith 
S tip a  commata T r in .  and Rupr.
S tip a  th u rb e ria n a  P iper
G iant w ild ry e  
F o x ta il b a rle y  
Ind ian  r ice g ra ss  
Sandberg's b luegrass 
B o ttle b ru sh  s q u i r e l t a i l  
Needle-and-thread 
T hu rb e r's  needlegrass
LEGUMINOSAE
A straga lu s  c o n v a lla r iu s  Greene 
A s tra g a lu s  cu rv ica rpus  (S h e ld .) Macbr. 
A s traga lu s  f i l i p e s  T o rr .
A s traga lu s  le n tig in o s u s  Dougl. 
A s traga lu s  p u rs h ii Dougl.
Lupinus a rg e n teus Pursh 
Lupinus w y e th ii Wats.
Medicago s a t iv a  L.
M e lilo tu s  o f f i c in a l i s  (L . )  Lam. 
T r ifo l iu m  repens L.
V ic ia  s a t iv a  L.
Lesser rushy mi Ik -v e tc h  
Curvepod mi Ik -v e tc h  
Threadsta lk  mi Ik -v e tc h  
Speckled m ilk -v e tc h
Pursh 's m ilk -v e tc h  
lu p ine  
lu p in e
S ilv e ry  
Wyeth' s 
A l f a l f a  
Yellow  sw ee t-c lover 
White c lo ve r 
Common vetch
LILIACEAE
A lliu m  acuminatum Hook.
A lliu m  t e x t i le  N e ls. and Macbr. 
Ca lochortus bruneaunis N e ls. and Macbr.
Hooker onion 
T e x t i le  onion 
Bruneau mari posa
MALVACEAE
Sphaeralcea munroana (D o ug l.) Spach M unro's globe-m allow
ONAGRACEAE
Gayophytum ramosissimum N u tt. 
Oenothera caesp itosa  N u tt.
Hairstem gaoyphytum 
Desert evening prim rose
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OROBANCHACEAE
Orobanche c a l i fo r n ic a  Cham, and Schlecht, C a lifo rn ia  broomrape
POLEMONIACEAE
E rias trum  sp a rs if lo ru m  (E astw .) Mason 
G i l ia  conqesta Hook.
Lep todacty lon  pungens (T o r r . )  N u tt. 
Phlox h o o d ii R ich.
Phlox lo n q i f o l ia  N u tt.
Few-flowered e ria s tru m  
Many-flowered g i l i a  
P r ic k ly  phlox 
Hood's ph lox 
Long-lea f ph lox
POLYGONACEAE
Erioqonum microthecum N u tt. 
Erioqonum o v a lifo l iu m  N u tt. 
Polygonum a v ic u la re  L.






Delphinium  sp. L.
ROSACEAE
Larkspur
P o te n t i l la  b ie n n is  Greene B ie nn ia l c in q u e fo il
SCROPHULARIACEAE
C a s t i l le ja  a n g u s t ifo l ia  (N u t t . )  G. Don 
Cordylanthus ramosus N u tt.
Penstemon cyaneus Pennell




Cymopterus te re b in th in u s  (Hook.) I .  and G. 
Lomatium dissectum  (N u t t . )  Math, and Const.
Turpentine cymopterus 
D ese rt-pa rs ley
*P la n t names are from  H itchcock and C ronqu is t 1973.
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APPENDIX C
Inve n to ry  o f R adionuclide Burdens (pC i/g  oven d ry  w e igh t) 
in  B la c k - ta ile d  Jack Rabbits C o lle c ted  on the 
Idaho N a tiona l Engineering Labora tory .
Jack ra b b it  #1
C o lle c te d  approx im ate ly  20 m no rth  o f SDA. L ive  w eight 1510 g.
R adionuclide










































Jack ra b b it  #2
C o llec ted  approx im ate ly  100 m n o rth  o f SDA. L ive  w eight 1720 g.
R adionuclide











0 .09 (0 .006)
NPD










0 .30 (0 .02)
NPD
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Jack rab b it # 3
Collected approximately 115 m north of SDA. Live weight 1475 g.
Radionuclide















0.121 (0 .009) 






















Jack ra b b it  #4
C o lle c te d  approx im ate ly  125 m northw est o f  SDA. L ive  w eight 2075 g.
R adionuclide
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Jack ra b b it #5
Collected approximately 200 m south of SDA. Live weight 2100 g.
Radionuclide
















0.061 (0 .004) 

















0.262 (0 .017) 







Jack ra b b it  #6
C o lle c te d  approx im ate ly  350 m south o f SDA. L ive w eight 1630 g.
R adionuclide














0.061 (0 .008) 













0.167 (0 .012) 
-0.0398 (0 .059) 
0.00155 (0.00063) 
0 (0 .00010) 
0.00025 (0.00010) 
0.0005 (0.0003)
Jack ra b b it  #7
C o llec ted  approx im ate ly  500 m south o f SDA. L ive  weight 1650 g.
Radionuclide
G -I t r a c t  








0.158 (0 .010) 









0 .34 (0 .02 )





0.299 (0 .018) 
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Jack rabb it #8
Collected approximately 510 m east of SDA. Live weight 2010 g.
Radionuclide


































Jack ra b b it  #9
C o lle c te d  approx im ate ly  625 m east o f SDA. L ive  w eight 1725 g.
R adionuclide


































Jack ra b b it  #10
C o llec ted  approx im ate ly  850 m east o f  SDA. L ive  w eight 1760 g.
Radionuclide














0.110 (0 .009) 






0.236 (0 .017) 
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Jack rab b it #11
Collected approximately 2200 m east of SDA. Live weight 1750 g.
Radionuclide
















0.071 (0 .005) 





















Jack ra b b it  #12
C o lle te d  approx im ate ly  16 km no rthe as t o f  SDA. L ive  w eight 1830 g.
R adionuclide













0.097 (0 .007) 
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Jack rabb it #13
Collected approximately 16 km northeast of SDA. Live weight 1450 g.
Radionuclide













0.080 (0 .006) 





0.30 (0 .02) 










Jack ra b b it  #14
C o lle c te d  approx im ate ly  16 km no rthe as t o f SDA. L ive  w eight 2275 g.
R adionuclide






K-40 0.00908 (0.0024) 0.00364 (0.0014) 0.00413 (0.00076)
Sr-90 0.090 (0 .006) 0.284 (0.018) 0.288 (0 .019)
Cs-137 -0.0733 (0.0057) 0.0158 (0.096) 0.0295 (0.035)
B i-214 0.000492 (0.00021) NPD NPD
Pu-238 0.0002 (0.0002) 0.0013 (0.0003) 0 (0.00011)
Pu-239/240 0.0009 (0.0003) 0.0023 (0.0003) 0.00022 (0.0008)
Am-241 0.00037 (0.00037) 0.00120 (0.00017) 0.00020 (0.00009)
Jack ra b b it  #15
C o llec ted  approx im ate ly  16 km n o rth e a s t o f  SDA. L ive w eight 1820 g.
G -I t r a c t Hide Carcass









0.078 (0 .006 ) 
-0 .140 (0 .1 7 )
NPD
0.00037 (0.00019) 
0.0024 (0 .0003) 
0.00050 (0.00019)
NPD 
0.36 (0 .02 )












*No peak detected .
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